SUMMARY Amino acid absorption from a peptide-containing protein hydrolysate and an equivalent amino acid mixture over a range of concentrations of the two-such as is thought to be found in the normal intestine after a meal'-has been studied using a jejunal perfusion technique in man. The relative rates of amino acid absorption from the protein hydrolysate and amino acid mixture varied markedly with concentration, demonstrating that the global hypothesis that peptides confer an advantage in amino acid absorption in vivo is too simple. There is a highly significant correlation between amino acid absorption and the concentrations of amino acid in the perfusate, whether this contained amino acid or protein hydrolysate, suggesting that, under these experimental conditions at least, the presence of distinct amino acid and peptide transport systems is relatively unimportant. Doubt is thus cast upon suggestions derived from previous intestinal perfusion experiments that intact peptide transport may be nutritionally significant in man.
The existence and independence of intestinal transport systems for amino acids and small peptides in animals and man has now been demonstrated.2 Intestinal perfusion studies in man demonstrating greater and more rapid amino acid absorption from four different protein hydrolysates containing small peptides than from equivalent free amino acid mixtures have been interpreted as suggesting that the peptide transport systems might be of nutritional importance.3 4 5 However, each hydrolysate was studied only at a single concentration. As the relative rates of absorption of amino acids from single peptides and equivalent free amino acids are known to be critically dependent on concentration,6 7 8 the present study was designed to examine in vivo in man the effect of concentration on the relative rates of amino acid absorption from a protein hydrolysate containing a complex mixture of peptides of varying size and an equivalent free amino acid mixture.
Methods LACTALBUMIN HYDROLYSATE AND EQUIVALENT FREE AMINO ACID MIXTURE
The hydrolysate of lactalbumin was prepared by Nestle Technical Assistance (Lausanne, Switzerland)
Received for publication 17 August 1981 as follows. Crude lactalbumin obtained from whey during the commercial processing of milk was hydrolysed with pancreatin. The resulting digest was separated into peptide fractions by ultrafiltration and the approximate size of the peptides obtained was estimated by gel filtration on columns of Sephadex G10. As estimated by this technique, the preparation contained 20% free amino acids, 30-35% di-, tri-, and tetrapeptides, 20-30% larger oligopeptides up to MW 1500D and 10-20% peptides above MW 1500D. It should be borne in mind that, because of the variation in the molecular weight of individual amino acids, this distribution is an approximation. An amino acid mixture simulating the amino acid composition of the hydrolysate was also prepared. Individual amino acid concentrations in solutions of protein hydrolysate (both free and peptide bound) and amino acid are compared in Table 1 . The amino acid composition of the preparations was derived from ion exchange chromatography of solutions of the hydrolysate and amino acid mixture as described below. Three concentrations of protein hydrolysate and amino acid mixture containing 40, 70, and 100 mmol/l total amino acid were used. At each concentration the two solutions were perfused in random order in six subjects. The test solutions contained polyethylene glycol (PEG) 2.5 g/l labelled with 1,uCi 14C PEG/l (Radiochemical Centre, Amersham, Buckinghamshire). The tonicity of solutions was adjusted to 290-300 MOsm/kg by addition of NaCl and the pH to 7 by addition of 1M NaOH. The sodium content of perfusion solutions was measured by flame photometry.
ANALYTICAL METHODS AND CALCULATION OF RESULTS
Aliquots of the perfusion solutions containing amino acid or protein hydrolysate and their respective intestinal aspirates were hydrolysed under reflux conditions at 110°C for 24 hours with 6 M HCl in the presence of norleucine as internal standard to compensate for hydrolysis losses. After cooling, the amino acid content of the hydrolysed sample was estimated by ion exchange chromatography using a Locarte automatic loading amino acid analyser (Locarte Company, London, UK). The 14C PEG content of the test solutions and intestinal aspirates was measured by liquid scintillation counting.9 Amino acid absorption was calculated using previously described formulae. 10 Luminal disappearance of amino acid residues was taken to be equivalent to absorption. The significance of differences was assessed by the paired t test."
Results
Whereas five amino acids (isoleucine, leucine, methionine, proline, and arginine) were absorbed to a greater extent (p<0*05) from amino acid than from protein hydrolysate at the low concentration (40 mmol/l (0.53 g/100 ml) total amino acid), these amino acids were absorbed equally well from protein hydrolysate and amino acid at the high concentration (100 mmol/l (1.32 g/100 ml) total amino acid) ( Table  2 , Fig. 1 ). Fig. 1 Percentage absorption ofindividual amino acidsfrom protein hydrolysate and amino acid mixture when both were perfusedatlOOmmolll (1 .32 g/100 ml) total amino acid.
In contrast, a number ofthose amino acids (phenylalanine, tyrosine, serine, histidine, thronine, glutamine) which were absorbed to a similar extent from protein hydrolysate and amino acid mixture at the low concentration (40 mmol/l (0.53 g/100 ml) total amino acid) were absorbed to a greater extent (P<0.05) from hydrolysate at the high concentration (100 mmol/l (1.32 g/100 ml) total amino acid) ( Table  2 ). During perfusion of the lactalbumin preparations containing total amino acid concentrations of 70 mmol/l (0.92 g/100 ml), four amino acids (leucine, methionine, proline, and valine) were absorbed to a greater extent from the amino acid mixture, while one amino acid (glutamine) was absorbed to a greater extent from protein hydrolysate. Asparagine was the only amino acid consistently absorbed to a greater extent from protein hydrolysate irrespective of concentration. Figure 2 shows the actual amounts (in contrast with Fig. 1 which shows the percentage absorption) of each amino acid absorbed fom the protein hydrolysate and amino acid mixture when each was perfused at 100 mmol/l (1.32 g/100 ml) total amino acid, suggesting that amino acid absorption is related more to the concentration of substrate than to the presence of specialised transport systems.
The sodium concentrations in the perfusion solutions are shown in Table 3 to demonstrate that the variation in their sodium content is small (111.2 to 146 mmol/l). Discussion concentrations the absorption rates were similar. Furthermore, the uptake of lysine from the dipeptide We have clearly shown that differences in the amino lysyl-lysine and an equivalent free amino acid mixacid absorption between a protein hydrolysate and an ture was shown to be more rapid from the free amino equivalent amino acid mixture in the human jejunum acid mixture at low concentrations but more rapid are critically dependent on the concentration stud-from the dipeptide at higher concentrations.6 ied. At high concentration the phenomena preIn view of the great difficulty in demonstrating viously observed with other hydrolysates3 4 S have sodium dependence on active intestinal transport been confirmed in that there was significantly more processes in vivo in man, even when sodium free rapid absorption from hydrolysates of those amino solutions are perfused,"4 15 it seems highly unlikely acids which were absorbed to the least extent from that the relatively small variations in perfused sodium amino acid mixtures (Table 3 , Fig. 1 ). At the lower concentrations (111-146 mmol/l) ( Table 2) are reconcentration (40 mmol/l (0.53 g/100 ml) total amino sponsible for the observed differences in amino acid acid), however, the pattern of 'kinetic' advan-absorption. Concentration-dependent alterations in tage' completely altered. At this concentration those the relative amino acid transport rates from protein amino acids which were absorbed to the greatest ex-hydrolysates and amino acid mixture could be due to tent from amino acid mixtures were absorbed signi-differences in the affinity and transport capacity of ficantly more rapidly from amino acids than from the peptide and free amino acid transport systems. hydrolysates. The results are also in agreement with One could imagine that at low concentrations amino previous in vitro observations on amino acid absorp-acid absorption from amino acid mixtures, if medition from single peptides and equivalent amino acid ated by a high affinity, low capacity free amino acid mixtures. Thus, glycine and methionine were transport system, could be significantly greater than absorbed more rapidly from the dipeptide glycyl-from protein hydrolysates. If the overall peptide methionine than from the equivalent amino acid mix-transport system were of lower affinity but higher ture only at high peptide concentrations.12 13 At low capacity this 'kinetic advantage' could shift in favour Hegarty, Fairclough, Moriarty, Kelly, and Clark of protein hydrolysates as the concentration of peptides increases and saturation of the free amino acid transport system by amino acids released at the brush border occurs. This explanation must of necessity be tentative as confirmation would require considerably more detailed analysis of amino acid and peptide transport kinetics than is allowed by the results of the present studies.
The importance of the pattern of amino acid absorption from amino acid mixtures and protein hydrolysates has previously been emphasised.45 During jejunal perfusion of a number of different protein hydrolysates and their equivalent amino acid mixtures3 45 it has been observed that the variation in percentage amino acid absorption from the protein hydrolysates was considerably less than that seen with the equivalent amino acid mixtures. It was suggested that this observation might be of nutritional importance because of more 'even' presentation of the amino acids to the tissues for protein synthesis. sumably the more important for protein synthesis. In Fig. 1 amino acid absorption is expressed, firstly, as a percentage of the perfused load and in Fig. 2 as actual amounts of amino acid absorbed. Quite clearly the 'pattern' of presentation of amino acids to the tissue bears no relationship to the pattern of absorption obtained when the results are expressed as a percentage of the perfused load, but is, in fact, related to the composition of the solution perfused (Fig. 3) , as previously demonstrated in vitro by Gardner, 16 17 and in vivo in man by Marrs et al. 18 A similar result was also obtained at 40 and 70 mmol/l total amino acid (results not shown). Previous studies quoted in support of the suggestion that protein hydrolysates may be superior to amino acid mixtures in terms of protein synthesis emphasised the importance of simultaneity of presentation of amino acids to the tissues for protein synhesis'9 rather than that the actual amounts of amino acids were importnt in this respect. It is possible, but unproved, that rapid absorption of some amino acids from protein hydrolysates compared with equivalent amino acid mixtures shown in perfusion experiments will confer an advantage in protein synthesis in normal man fed orally with a hydrolysate. This possibility is the subject of further investigation.
Our results illustrate the fundamental importance of studying kinetic phenomena over a range of concentration since results at a single concentration are frequently misleading.20 Although Amino acid concentratin in perfusate (rmmol /1) Fig. 3 Relation between absolute amounts ofindividual amino acids absorbed and the concentration ofindividual amino acids in the perfusion solutions. Duringperfusion of (a) protein hydrolysate containing 100 mmolll (1 -32 g/100 ml) total amino acid, and (b) amino acid mixture at the same concentration. 
